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Technical field

This invention relates to a key synthetic intermediate in a novel process for preparing a substance
having a potent herbicidal activity, hydantocidin represented by the following formula.

| 0
N———{f
HO
HO  OH — (I]

Background art

Hydantocidin represented by the above formula [I], which is obtained as a metabolite of actinomycetes,
has excellent transferability to plants and potent grass-killing activity and growth control activity to both
annual and perennial monocotyledonous and dicotyledonous weeds. Further, hydantocidin shows remark-
able safety to animals, fish and microorganisms and also it has environmentally desirable properties such
as high degradability in soil, so that it is a compound which is expected to be used as an excellent
herbicide. It is considered that when hydantocidin is industrially prepared by exiraction from a metabolite of
actinomycetes, column chromatography or the like would inevitably be used repeatedly for separating
hydantocidin from amino acid, nucleic acid, etc. which are admixed therewith, thus causing great difficulties
[M. Nakajima et al, J. Antibiot., 44, 293 (1991)]. Thus, as a conventional method of synthesizing
hydantocidin, there have been reported (1) a synthesis in which a spiro-ring cyclization reaction is
performed using a tartaric acid derivative and a hydantoin derivative as starting substances [S. Mio et al.,
Tetrahedron, 47, 2111, 2121 (1991) and Japanese Provisional Patent Publication (Kokai) No. Hei 2-85287],
(2) a synthetic method using a N-glycosylation reaction of a D-psicose derivative obtained from D-fructose
[S. Mio et al., Tetrahedron, 47, 2133 (1991)] and (3) a synthetic method in which a hydantoin-forming
reaction is performed using a D-ribose derivative as a starting substance [S. Mirza, German Patent Laid-
Open Publication DE 4129728 A1 (1991)]. However, a large number of reagents have been used which are
expensive and have high toxicity, i.e. osmium tetraoxide and lithium hexamethyldisilazide in the method of
(1), trimethylsilylazide in the method of (2) and trifluoromethanesulfonic anhydride and osmium tetraoxide in
the method of (3). Thus, industrial preparation of hydantocidin by these synthetic methods has involved
great difficulties.

The present inventors made intensive studies on development of a process for industrially preparing
hydantocidin which is a substance having an excellent herbicidal activity, and consequently found that a D-
psicofuranose derivative and a D-psicopyranose derivative which are the compounds of the present
invention are extremely useful key preparation intermediates, to accomplish the present invention.

Disclosure of the invention

The present invention relates to a D-psicofuranose derivative represented by the following formula:

4
Rlo X

R%0  ord (1)
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(wherein R', R?, R® and R* may be the same or different from one another and each represents a hydrogen
atom or a protective group for a hydroxyl group, and X represents a hydroxymethyl group, carboxy! group,
carbamoy! group or allophanoy! group, which may be protected),and a D-psicopyranose derivative repre-
sented by the following formula:

oS

R20 bt
RB0  oR? — (o]

(wherein R°, R®, R” and R® may be the same or different from one another and each represenis a
hydrogen atom or a protective group for a hydroxyl group, and X represents a hydroxymethy! group,
carboxyl group, carbamoyl group or allophanoyl group, which may be protected).

The protective group for a hydroxyl group may be exemplified by an arylmethyl group such as a benzyl
group, a p-methoxybenzyl group, a 2,4-dimethoxybenzy! group, a p-chlorobenzyl group, a m-bromobenzyl
group, a p-nitrobenzyl group, a benzhydryl group, a di-p-anisylmethyl group and a trityl group; a silyl group
such as a trimethylsilyl group, a friethylsilyl group, a tripropylsilyl group and a t-butyldimethylsilyl group; an
alkyl group such as a methyl group, an ethyl group, an allyl group, a methoxymethyl group, a 2-
methoxyethoxymethyl group, a benzyloxymethyl group, a methylthiomethyl group, a 2,2,2-trichloroethox-
ymethyl group, a 2-(frimethylsilyl)ethoxymethyl group, a tetrahydropyranyl group and a 1-ethoxyethyl group;
an acyl group such as a formyl group, an acetyl group, a frifluoroacetyl group, a pivaloyl group, a benzoyl
group, a p-methoxybenzoyl group, a p-chlorobenzoy! group, a methoxycarbonyl group, an ethoxycarbonyl
group, a benzyloxycarbonyl group and a t-butoxycarbony! group, etc.

Further, protective groups for two hydroxyl groups of R? and R3, R®> and R® or R® and R’ which are
adjacent to each other may together represent an alkylidene or arylmethylidene group represented by the
following formula:

R2'><R3' — (V]

(wherein R? and R® may be the same or different from each other and each represent a hydrogen atom, a
straight or branched alky! group having 1 to 6 carbon atoms or a substituted or unsubstituted aryl group,
and may together form a ring). Examples thereof may include an alkylidene group such as an
isopropylidene group, a 1-methylpropylidene group, a 1-methylbutylidene group, a cyclopentylidene group
and a cyclohexylidene group; an arylmethylidene group such as a benzylidene group, a p-methoxyben-
zylidene group, a p-chlorobenzylidene group, a 1-methylbenzylidene group, a 1-ethylbenzylidene group, a
diphenylmethylidene group, etc.

In the above formula [ll}, when R? and R® are protective groups for hydroxyl groups, it is preferred that
R? and R3 together represent the alkylidene or arylmethylidene group represented by the above formula
[IvV1.

A protected hydroxymethyl group refers to a hydroxymethyl group in which a hydroxyl group thereof is
substituted by the protective group for a hydroxyl group such as an arylmethyl group, a silyl group, an alkyl
group, an acyl group, etc, which is described above. A protected carboxyl group refers to a carboxy! group
which is esterified by a lower alkyl group, a silyl group or the like, or a carboxyl group which is neutralized
by an alkali metal salt, an amine or the like. Further, a protected carbamoyl group or allophanoyl group
refers to a carbamoyl! or allophanoyl group in which a nitrogen atom thereof is substituted by an arylmethyl
group, a silyl group, an alkyl group, an acyl group or the like, which is the same as the above protective
group for a hydroxy! group.

The straight or branched alkyl group having 1 to 6 carbon atoms may be exemplified by a methyl
group, an ethyl group, a propyl group, a butyl group, an isobutyl group, a pentyl group, an isopentyl group,
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a hexyl group, efc. The substituted or unsubstituted ary! group may be exemplified by a phenyl group, a p-
tolyl group, a p-methoxyphenyl group, a m-chloropheny! group, a naphthy! group, a furyl group, a thienyl
group, etc.

The psicofuranose and psicopyranose derivatives represented by the above formulae [II] and [lll] can
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be prepared by the following synthetic steps, respectively.
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(wherein R, R2, R3, R*, R5, R?, R7, R8, R? and R® each have the same meanings as described above).
[Step 1]

In this step, 1,2:4,5-di-O-isopropylidene-g-psicopyranose represented by the formula [V] reacts with an
acetal derivative in the presence of an acid catalyst to prepare a D-psicofuranose derivative represented by
the formula [VI] in which hydroxyl groups at 1- and 2-positions are protected by isopropylidene groups and
hydroxyl groups at 3- and 4-positions are protected by alkylidene groups or arylmethylidene groups. The
1,2:4,5-di-O-isopropylidene-D-psicopyranose represented by the formula [V] to be used in this step is a
compound which can be prepared from D-fructose according to a method described in literature [S. Mio et
al., Tetrahedron, 47, 2133 (1991)].

The acetal derivative to be used in this step is exemplified by 2,2-dimethoxypropane, 2,2-diethox-
ypropane, 2,2-dipropoxypropane, 2,2-dimethoxypropane, 2,2-diethoxybutane, 3,3-dimethoxypentane, 3,3-
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diethoxypentane, 1,1-dimethoxycyclopentane, 1,1-diethoxycyclopentane, 1,1-dimethoxycyclohexane, 1,1-
diethoxycyclohexane, benzaldehyde dimethylacetal, benzaldehyde diethylacetal, p-methoxybenzaldehyde
dimethylacetal, p-chlorobenzaldehyde dimethylacetal, benzophenone dimethylacetal, acetophenone
dimethylacetal, propiophenone dimethylacetal, etc., and 2,2-dimethoxypropane is preferably used. The acid
catalyst to be used in this step is exemplified by hydrochloric acid, sulfuric acid, nitric acid, perchloric acid,
hydrofluoric acid, hydrobromic acid, acetic acid, trifluoroacetic acid, methanesulfonic acid, p-toluenesulfonic
acid, ftrifluoromethanesulfonic acid, fluorosulfonic acid, pyridinium p-toluenesulfonate, etc., and perchloric
acid is preferably used.

The reaction is carried out in a solvent. The solvent to be used may be any solvent so long as it does
not participate in the reaction, and there may be preferably used ketone-type solvents such as acetone, 2-
butanone, 3-pentanone, cyclopentanone, cyclohexanone, etc., ether-type solvents such as ethyl ether,
tetrahydrofuran, dioxane, etc. and halogenated hydrocarbon type solvents such as dichloromethane,
chloroform, 1,2-dichloroethane, etc., and a ketone type solvent corresponding to the acetal derivative to be
used is more preferably used. The reaction proceeds smoothly at -20°C to 50°C.

[Step 2]

In this step, a protective group is introduced into the hydroxyl group at the 6-position of the D-
psicofuranose derivative represented by the formula [VI], in which hydroxyl groups at 1- and 2-positions and
3- and 4-positions are protected, to prepare a D-psicofuranose derivative represented by the formula [VII] in
which all hydroxyl groups at 1-, 2-, 3-, 4- and 6-positions are protected.

As the protective group for a hydroxyl group to be introduced in this step, there is selected a protective
group which can exist stably from Step 3 to Step 6 subsequent to this step, and which can be removed
easily without modifying other moieties of the compound in Step 13 described later. The protective group
for a hydroxyl group which satisfies such requirements is exemplified by an arylmethyl group such as a
benzyl group, a p-methoxybenzyl group, a 2,4-dimethoxybenzyl group, a p-chlorobenzyl group, a p-
bromobenzyl group, a p-nitrobenzyl group, a benzhydryl group, a di-p-anisylmethyl group, a ftrityl group,
etc.; a silyl group such as a frimethylsilyl group, a friethylsilyl group, a ftripropylsilyl group, a t-butyl-
dimethylsilyl group, etc.; an alkyl group such as a methyl group, an ethyl group, an allyl group, a
methoxymethy! group, a 2-methoxyethoxymethyl group, a benzyloxymethyl group, a methylthiomethyl
group, a 2,2,2-trichloroethoxymethyl group, a 2-(trimethylsilyl)ethoxymethyl group, a tetrahydropyranyl
group, a 1-ethoxyethyl group, etc.; and an acyl group such as a formyl group, an acetyl group, a
trifluoroacetyl group, a pivaloyl group, a benzoyl group, a p-methoxybenzoyl group, a p-chlorobenzoyl
group, a methoxycarbonyl group, an ethoxycarbonyl group, a benzyloxycarbonyl group, a t-butoxycarbonyl
group, etc. An arylmethyl group is preferably used, and a benzyl group is more preferably used. These
protective groups for hydroxyl groups are introduced by a known method [T.W. Green, "Protective groups
in Organic Synthesis” A Wiley-Interscience Publication, New York, 1981, pp. 10 to 72].

[Step 3]

In this step, the D-psicofuranose derivative represented by the formula [VII] in which hydroxyl groups at
1- and 2-positions are protected by isopropylidene group reacts with an alcohol in the presence of an acid
catalyst to prepare a D-psicofuranose derivative represented by the formula [lla] having a hydroxymethyl
group, which is a compound of the present invention, in which only the isopropylidene group at 1- and 2-
positions is selectively removed and an alkyl residue of the alcohol used is introduced into a hydroxy! group
at 2-position as a protective group.

The alcohol to be used in this step is exemplified by methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, cyclopentanol, cyclohexanol, benzyl alcohol, p-methoxybenzyl alcohol, p-chlorobenzyl alcohol,
diphenylmethanol, etc., and benzyl alcohol is preferably used. The acid catalyst to be used in this step is
exemplified by hydrochloric acid, sulfuric acid, nitric acid, perchloric acid, hydrofluoric acid, hydrobromic
acid, acetic acid, trifluoroacetic acid, methanesulfonic acid, p-toluenesulfonic acid, trifluoromethanesulfonic
acid, fluorosulfonic acid, pyridinium p-toluenesulfonate, efc., and hydrochloric acid, p-toluenesulfonic acid,
trifluoromethanesulfonic acid, etc. are preferably used.

The reaction is carried out in a solvent. The solvent to be used may be any solvent so long as it does
not interfere with the reaction, and there may be preferably used alcohol type solvents such as methanol,
ethanol, propanol, isopropanol, butanol, isobutanol, etc., hydrocarbon type solvents such as benzene,
foluene, xylene, hexane, pentane, efc., halogenated hydrocarbon type solvents such as dichloromethane,
chloroform, 1,2-dichloroethane, etc. and ether type solvents such as ethyl ether, tetrahydrofuran, dioxane,
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etc., and it is more preferred to use an extremely excessive amount of an alcohol as both the reactant and
the solvent. The reaction proceeds smoothly at -20°C to 50°C.

[Step 4]

In this step, the hydroxymethyl group of the D-psicofuranose derivative represented by the formula [lla]
is oxidized to prepare a D-psicofuranose derivative represented by the formula [lIb] having a carboxyl
group. Oxidation of the hydroxymethyl group to a carboxyl group can be carried out in one step by
oxidation using chromium trioxide-sulfuric acid, oxidation using pyridinium chromate or oxidation using a
platinum catalyst, but it is carried out preferably by two-stage oxidation, i.e. oxidizing the hydroxymethyl
group to an aldehyde group and then oxidizing the aldehyde group to a carboxy! group. The oxidation of
the hydroxymethyl group to the aldehyde group is exemplified by methods generally used for oxidizing a
hydroxymethyl group to an aldehyde group, such as oxidation using oxalyl chloride-dimethyl sulfoxide-
friethylamine, oxidation using sulfur trioxide pyridine complex-dimethyl sulfoxide-triethylamine, oxidation
using chromium frioxide pyridine complex, oxidation using acetic anhydride-dimethyl sulfoxide, oxidation
using pyridinium chlorochromate, etc., and oxidation using oxalyl chloride-dimethyl sulfoxide-triethylamine is
preferably selected.

The oxidation of the aldehyde group to the carboxyl group which is carried out subsequently is
exemplified by methods generally used for oxidizing an aldehyde group to a carboxyl group, such as
oxidation using sodium chlorite-sodium dihydrogenphosphate dihydrate, oxidation using chromium trioxide-
sulfuric acid, oxidation using pyridinium chromate, air oxidation using a platinum catalyst, efc., and oxidation
using sodium chlorite-sodium dihydrogen phosphate dihydrate is preferably selected. The reaction is
carried out in a sovlent. The solvent to be used may be any solvent so long as it does not participate in the
reaction. When the hydroxymethyl group is oxidized to the carboxy! group in one step, there may be used
ketone-type solvents such as acetone and methyl ethyl ketone, halogenated hydrocarbon-type solvents
such as dichloromethane, chloroform and 1,2-dichloroethane, etc. When the hydroxymethyl group is
oxidized to the carboxy! group through the aldehyde group by two stages, ketone-type solvents such as
acetone and methyl ethyl ketone, halogenated hydrocarbon-type solvents such as dichloromethane, chlo-
roform and 1,2-dichloroethane, etc. may be used in the oxidation at the first stage and, in addition to the
above solvents, ether-type solvents such as ethyl ether, tetrahydrofuran and dioxane, t-butanol and water as
a single solvent or a mixed solvent may be used in the oxidation at the second stage. All of the oxidation
reactions proceed smoothly at -20°C to 50° C.

[Step 5]

In this step, the carboxyl group of the D-psicofuranose derivative represented by the formula [lIb]
having a carboxyl group is converted into a carbamoyl group to prepare a D-psicofuranose derivative
represented by the formula [llc] having a carbamoyl group, which is a compound of the present invention.

This step is carried out by converting the carboxyl group into a carboxylic acid chloride using thionyl
chloride, phosphorus trichloride, phosphorus pentachloride or the like; a mixed acid anhydride of carboxylic
acid and carbonic acid half ester using methoxycarbonyl! chloride, ethoxycarbony! chloride, isopropoxycar-
bonyl chloride or the like and a tertiary amine such as triethylamine, pyridine, etfc.; or a carboxylic acid
active amide using carbonyldiimidazole or the like; followed by a reaction with ammonia. This step is
carried out preferably through a mixed acid anhydride of carboxylic acid and carbonic acid half isopropyl
ester obtained using isopropoxycarbony! chloride and triethylamine. The activation of carboxylic acid and
the subsequent amidation are carried out in a solvent. The solvent to be used may be any solvent so long
as it does not participate in the reaction, and ether type solvents such as ethyl ether, tetrahydrofuran,
dioxane, efc. are preferably used. The activation of carboxylic acid and the subsequent amidation proceed
smoothly at -50°C to 50° C.

[Step 6]

In this step, a D-psicofuranose represented by the formula [lld] having an allophanoy! group is prepared
from the D-psicofuranose derivative represented by the formula [lIc] having a carbamoy! group

This step is carried out by converting the furanose derivative having a carbamoyl group into an
acylisocyanate derivative using an oxaly! halide such as oxaly! chloride, oxalyl bromide or the like, followed
by reaction thereof with ammonia. The acylisocyanate derivative is prepared preferably by using oxalyl
chloride. The preparation of the acylisocyanate derivative and the subsequent preparation of the D-
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psicofuranose derivative having an allophanoyl group are carried out in a solvent. The solvent to be used
may be any solvent so long as it does not participate in the reaction, and halogenated hydrocarbon type
solvents such as dichloromethane, chloroform, 1,2-dichloroethane, etc. and ether type solvents such as
ethyl ether, tetrahydrofuran, dioxane, etc. are preferably used. The preparation of the acylisocyanate
derivative proceeds smoothly at -20°C to 120°C, and the preparation of the D-psicofuranose derivative
therefrom having an allophanoyl group proceeds smoothly at -20°C to 50°C.

[Step 7]

In this step, the isopropylidene group at the 4- and 5- positions of the 1,2:4,5-di-O-isopropylidene-g8-
psicopyranoserepresented by the formula [V] is selectively removed to prepare a 1,2-O-isopropylidene-g-D-
psicopyranose represented by the formula [VIII].

The 1,2:4,5-di-O-isopropylidene-g-D-psicopyranose represented by the formula [V] to be used in this
step is a compound which can be prepared by a method described in literature [S. Mio et al., Tetrahedron,
47, 2133 (1991)].

The isopropylidene group at the 4- and 5-positions is selectively removed using an acid catalyst. The
acid catalyst to be used is exemplified by hydrochloric acid, sulfuric acid, nitric acid, perchloric acid,
hydrofluoric acid, hydrobromic acid, acetic acid, trifluoroacetic acid, methanesulfonic acid, p-toluenesulfonic
acid, trifluoromethanesulfonic acid, fluorosulfonic acid, pyridinium p-toluenesulfonate, etc., and p-toluenesul-
fonic acid is preferably used. The reaction is carried out in a solvent. As the solvent to be used, there may
be preferably used alcoholic solvents such as methanol, ethanol, propanol, isopropanol, etc. The reaction
proceeds smoothly at -20°C to 50°C.

[Step 8]

In this step, the same or different protective groups are introduced to each of the hydroxyl groups at 3-,
4-and 5-positions of the 1,2-O-isopropylidene-g-D-psicopyranose represented by the formula [VII] to
prepare a D-psicopyranose derivative represented by the formula [IX] in which hydroxyl groups at 1-, 2-, 3-,
4- and 5-positions are protected.

As the same or different protective groups for hydroxyl groups to be introduced in this step, there may
be selected those which can exist stably from Step 9 to Step 12, and which can be removed without
modifying other moieties of the compound in the subsequent Step 14. The protective groups for hydroxyl
groups which satisfy such requirements are exemplified by an arylmethyl group such as a benzyl group, a
p-methoxybenzyl group, a 2,4-dimethoxybenzyl group, a p-chlorobenzyl group, a p-bromobenzyl group, a
p-nitrobenzyl group, a benzhydryl group, a di-p-anisylmethyl group, a trityl group, etc.; a silyl group such as
a trimethylsilyl group, a friethylsilyl group, a tripropylsilyl group and a t-butyldimethylsilyl group; an alkyl
group such as a methyl group, an ethyl group, an allyl group, a methoxymethyl group, a 2-methoxyethox-
ymethyl group, a benzyloxymethyl group, a methylthiomethyl group, a 2,2,2-trichloroethoxymethyl group, a
2-(trimethylsilyl)ethoxymethy! group, a tetrahydropyranyl group and a 1-ethoxyethyl group; an acy! group
such as a formyl group, an acetyl group, a trifluoroacetyl group, a pivaloyl group, a benzoyl group, a p-
methoxybenzoy! group, a p-chlorobenzoyl group, a methoxycarbony! group, an ethoxycarbonyl group, a
benzyloxycarbony! group and a t-butoxycarbonyl group; an alkylidene group and an arylmethylidene group
such as an isopropylidene group, a diethylmethylidene group, a cyclopentylidene group, a cyclohexylidene
group, a benzylidene group and a diphenylmethylidene group, etc. An arylmethyl group is preferably used,
and a benzyl group is more preferably used. These protective groups are introduced at one time or
stepwisely according to a known method [T.W. Green, "Protective groups in Organic Synthesis™ A Wiley-
Interscience Publication, New York, 1981, pp. 10 to 86].

[Step 9]

In this step, the D-psicopyranose represented by the formula [IX] in which hydroxyl groups at 1- and 2-
positions are protected by isopropylidene groups reacts an alcohol in the presence of an acid catalyst fo
prepare a D-psicopyranose derivative represented by the formula [llla] having a hydroxymethyl group,
which is a compound of the present invention, in which only the isopropylidene group at 1- and 2-positions
is selectively removed and an alky! residue of the alcohol used is introduced into a hydroxyl group at 2-
position as a protective group.

This step is carried out entirely in the same manner as in Step 3, preferably by using benzyl alcohol as
an alcohol and hydrochloric acid as an acid catalyst.
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[Step 10]

In this step, the primary alcohol existing at 1-position of the D-psicopyranose derivative represented by
the formula [llla] is oxidized to prepare a D-psicopyranose derivative represented by the formula [lllb]
having a carboxy! group .

This step is carried out entirely in the same manner as in Step 4. In the two-stage oxidation which is
preferably carried out, oxidation using oxalyl chloride-dimethyl sulfoxide-triethylamine is preferably used in
the oxidation of the hydroxymethyl group to the aldehyde group, and oxidation using sodium chlorite-
sodium dihydrogenphosphate dihydrate is preferably used in the oxidation of the aldehyde group fo the
carboxy! group.

[Step 11]

In this step, the carboxyl group of the D-psicopyranose derivative having a carboxyl group represented
by the formula [lllb] is converted into a carbamoyl! group to prepare a D-psicopyranose derivative having a
carbamoyl! group represented by the formula [llic] which is the compound of the present invention.

This step is carried out entirely in the same manner as in Step 5. Carboxylic acid is preferably activated
through a mixed acid anhydride of carboxylic acid and carbonic acid half isopropyl ester.

[Step 12]

In this step, a D-psicopyranose derivative represented by the formula [llld] having an allophanoy! group,
which is a compound of the present invention, is prepared from the D-psicopyranose derivative represented
by the formula [lllc] having a carbamoyl group.

This step is carried out entirely in the same manner as in Step 6. The acylisocyanate derivative is
preferably prepared using oxalyl chloride.

In all the compounds of the present invention represented by the formulae [lla] to [lld] and the formulae
[llla] to [llld] which can be obtained by the respective steps described above, the protective groups for
hydroxyl groups can be removed or the protective groups for hydroxyl groups can be replaced with other
protective groups for hydroxyl groups according to a known method.

According to the following synthetic steps, Hydantocidin represented by the formula [I], which is a
substance having a herbicidal activity, and 5-epi-hydantocidin represented by the formula [XI], are derived
from the D-psicofuranose derivative and D-psicopyranose derivative, each having an allophanoy! group,
represented by the formulae [lId] and [llld] and prepared as described above, according to the following
synthetic steps:

10
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(wherein R', R%, R¥, R*, R5, R%, R7 and R® have the same meanings as described above).

Thus, by removing the protective groups, a mixture of a D-psicofuranose derivative represented by the
formula [lle] having no protective group, a D-psicopyranose derivative represented by the formula [llle]
having no protective group and a hydantoin derivative represented by the formula [X] is derived initially.
Then, by treating this mixture with an acid catalyst, a mixture of hydantocidin represented by the formula [I]
which is a substance having a herbicidal activity and 5-epi-hydantocidin represented by the formula [XI] is
derived easily. By leaving to stand for a long time, the above mixture is finally converged to the hydantoin
derivative represented by the formula [X]. This [X] also gives a mixture of hydantocidin represented by the
formula [I] which is a substance having a herbicidal activity and 5-epi-hydantocidin represented by the
formula [XI] by a treatment with an acid catalyst.
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[Step 13]

In this step, the hydroxyl protective groups of the D-psicofuranose derivative represented by the
formula [lld] having an allophanoyl group are removed to prepare a mixture of the D-psicofuranose
derivative, and D-psicopyranose derivative each having an allophanoyl group, represented by the formulae
[lle] and [llle], and the hydantoin derivative having no protective group represented by the formula [X].

The protective groups are all removed at one time or stepwisely according to known methods suitable
for the protective groups used [T.W. Green, "Protective Groups in Organic Synthesis™ A Wiley-Interscience
Publication, New York, 1981, pp. 10 fo 86].

When the protective group for hydroxyl groups at the 2- and 3-positions (RZ R® CH<) of the
ribofuranose moiety of the D-psicofuranose derivative represented by the formula [lld] having an allophanoyl
group is isopropylidene group and the protective groups for hydroxyl groups at 1- and 5-positions (R' and
R*) of the said moiety are benzyl groups, the isopropylidene group is removed by using hydrochloric acid,
sulfuric acid, p-toluenesulfonic acid or the like as an acid catalyst in an alcoholic solvent such as methanol,
ethanol, propanol, isopropanol, etc., and a D-psicofuranose derivative represented by the formula:

rl0 oRd

CONHCONHy ~ — (of]
HO OH

can be isolated as an intermediate. The benzyl groups are removed from this compound by hydrogenolysis
using palladium carried on carbon (palladium-carbon) or the like as a catalyst in an alcoholic solvent such
as methanol, ethanol, propanol, isopropanol, etc. As a matter of course, the benzyl groups can be removed
without isolating the psicofuranose derivative represented by the formula [lIf].

[Step 14]

In this step, the protective groups for hydroxyl groups of the D-psicopyranose derivative represented by
the formula [llld] having an allophanoyl group are removed to prepare a mixture of the D-psicofuranose
derivative and D-psicopyranose derivative, each having no protective group, represented by the formulae
[lle] and [llle], and the hydantoin derivative having no protective group represented by the formula [X].

The protective groups are all removed at one time or stepwisely according to known methods suitable
for the protective groups used [T.W. Green, "Protective Groups in Organic Synthesis™ A Wiley-Interscience
Publication, New York, 1981, pp. 10 fo 86].

When all the protective groups for hydroxyl groups at 1-, 2-, 3- and 4-positions of the ribopyranose
portion of the D-psicopyranose derivative represented by the formula [llld] having an allophanoy! group are
benzyl groups, the benzyl groups are removed by hydrogenolysis using palladium carried on carbon
(palladium-carbon) or the like as a catalyst in an alcoholic solvent such as methanol, ethanol, propanol,
isopropanol, efc.

[Step 15]

In this step, the mixture of the D-psicofuranose derivative and D-psicopyranose derivative, each having
no protective group, represented by the formulae [lle] and [llle], and the hydantoin derivative having no
protective group represented by the formula [X], is treated with an acid catalyst to prepare a mixture of
hydantocidin represented by the formula [l], which is a substance having a herbicidal activity, and 5-epi-
hydantocidin represented by the formula [XI].

The acid catalyst to be used in this step is exemplified by hydrochloric acid, sulfuric acid, nitric acid,
perchloric acid, hydrofluoric acid, hydrobromic acid, acetic acid, trifluoroacetic acid, methanesulfonic acid,
p-toluenesulfonic acid, trifluoromethanesulfonic acid, fluorosulfonic acid, pyridinium p-toluenesulfonate, efc.
and a strongly acidic ion exchange resin such as Dowex 50W, Amberlite IR-120, etc. Dowex 50W which is a
strongly acidic ion exchange resin is preferably used. The reaction is carried out in a solvent. The solvent to
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be used may be any solvent so long as it does not participate in the reaction, and there may be preferably
used water, alcoholic solvents such as methanol, ethanol, propanol, isopropanol, etc. or mixed solvents of
these alcoholic solvents and water. The reaction proceeds smoothly at 0°C to 50°C.

Hydantocidin represented by the formula [l], which is a substance having a herbicidal activity, and 5-
epi-hydantocidin represented by the formula [XI], obtained in this step, can be separated by freating the
mixture of both compounds obtained in the reaction with an excess amount of acetic anhydride in pyridine
fo convert them into the corresponding tetraacetates, and separating a mixture of the tetraacetates by
preparative thin layer chromatography using silica gel or the like. Further, by treating the respective
separated tetraacetates in methanol with ammonia or hydrazine, hydantocidin represented by the formula [I]
and 5-epi-hydantocidin represented by the formula [XI] can be obtained as pure products.

The present invention will be described below specifically by way of Examples and Reference
Examples, but it should be noted that the present invention is not limited thereto.

[Reference Example 1]

o °><O

2,2-Dimethoxypropane (33.6 ml, 0.27 mol) was added to a solution of 1,2:4,5-di-O-isopropylidene-a-D-
psicopyranose (141 g, 0.54 mol) in acetone (1.4L). After the temperature of the mixture was made 0°C,
perchloric acid (a 70% aqueous solution) (5 ml) was added thereto. The mixture was stirred for 4 hours and
then the reaction mixture was neutralized with concentrated aqueous ammonia to terminate the reaction.
The solvent was concentrated under reduced pressure, the resulting residue was partitioned with water and
ether, and then the aqueous layer was extracted with ethyl ether. The organic layers were combined,
washed with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate and filtered. Then, the
solvent was evaporated under reduced pressure. The residue was purified by silica gel column chromatog-
raphy (hexane/ethyl acetate = 85/15) to obtain 1,2:3,4-di-O-isopropylidene-g-D-psicofuranose as a white
solid (99.0 g, 0.38 mol, 70%).

'H NMR(200MHz, CDCl3) &

1.33 (3H, s, Me)

1.41 (3H, s, Me)

1.45 (3H,s, Me)

1.51 (3H,s, Me)

3.64 (1H, dd, J=3.5, 12.5Hz, H-6)

3.77 (1H, dd, J=2.4, 12.5Hz, H-6)

4.07 (1H, d, J=9.8Hz, H-1)

4.28-4.34 (1H, m, H-5)

4.34 (1H, d, J=9.8Hz, H-1)

4.65 (1H, d, J=5.9Hz, H-3)

492 (1H, dd, J=1.0, 5.9Hz, H-4)
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[Reference Example 2]

OH— 0 Bn0 )

An aqueous solution (272 ml) of benzyltriethylammonium chloride (4.76 g, 0.021 mol) and sodium
hydroxide (139 g, 3.5 mol) was added to a mixture of 1,2:3,4-di-O-isopropylidene-g8-D-psicofuranose (90.7 g,
0.35 mol) and benzyl chloride (160 ml), followed by vigorous stirring at 100°C for 2 hours. The reaction
mixture was partitioned with water and ether, and the aqueous layer was extracted with ethyl ether. The
organic layers were combined, washed with a saturated aqueous NaCl solution, dried over anhydrous
sodium sulfate and filtered. Then, the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl ether = 95/5 and then hexane/ethyl acetate =
9/1) to obtain 6-O-benzyl-1,2:3,4-di-O-isopropylidene-g-D-psicofuranose as a pale yellow oil (113 g, 92%).

'H NMR(200MHz, CDCl3) &

1.32 (3H, s, Me)

1.37 (3H, s, Me)

1.43 (3H, s, Me)

1.44 (3H, s, Me)

3.52 (1H, dd, J=8.2, 9.8Hz, H-6)

3.59 (1H, dd, J=6.3, 9.8Hz, H-6)

4.04 (1H, d, J=9.6Hz, H-1)

4.29 (1H, d, J=9.6Hz, H-1)

4.27-4.35 (1H, m, H-5)

4.52-4.65 (3H, m, -CH2Ph, H-3)

4.76 (1H, dd, J=1.0, 5.9, H-4)

7.27-7.42 (5H, m)

[Example 1]

Bn0 0 BnO 0Bn
OH

X X

Trifluoromethanesulfonic acid (2 ml) was slowly added dropwise at room temperature to a solution of 6-
O-benzyl-1,2:3,4-di-O-isopropylidene-g8-D-psicofuranose (39.5 g, 0.11 mol) in benzyl alcohol (350 ml). The
mixture was stirred for 2 hours and then neutralized with concentrated aqueous ammonia o terminate the
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reaction. Benzy! alcohol was evaporated under reduced pressure. The residue was partitioned with ethyl
acetate and water, and the aqueous layer was extracted with ethyl acetate. The organic layers were
combined, washed with a saturated agueous NaCl solution, dried over anhydrous sodium sulfate and
filtered. Then, the solvent was evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate = 8/2) to obtain benzyl = 6-O-benzyl-3,4-O-isopropylidene-g-
D-psicofuranoside as a pale yellow oil (27.9 g, 62%).

[«]2° -29.8° (c 1.55, CHCls)

IR (neat, cm™")

3520, 2950, 1450, 1390, 1370, 1220, 1180, 1140, 1110

'H NMR(400MHz, CDCl3) &

1.33 (3H, s, Me)

1.53 (3H, s, Me)

1.95 (1H, br, OH)

3.47 (1H, dd, J=9.6, 7.3Hz, H-6)

3.52 (1H, dd, J=9.6, 7.1Hz, H-6)

3.82-3.94 (2H, m, H-1)

4.42 (1H, ddd, J=7.3, 7.1, 1.4Hz, H-5)

4.44 (1H, d, J=12.1Hz, -CH2Ph)

4.49 (1H, d, J=12.1Hz, -CH2Ph)

4.54 (1H, d, J=11.8Hz, -CH2Ph)

4.61 (1H, d, J=11.8Hz, -CH2Ph)

4.68 (1H, d, J=6.1Hz, H-3)

472 (1H, dd, J=6.1, 1.4Hz, H-4)

7.25-7.36 (10H, m)

HRMS (m/z)

M*-CH, OH(C22H2505) Found | 369.1679
Calcd. 369.1690

Bn0 0 Bno OMe
0 ’ WOH

0 0 0 0

X X

Methanol in which hydrogen chloride had been saturated at 25° C (a solution of 43% hydrogen chloride
in methanol: 0.25 ml) was added at 0°C to a solution of 6-O-benzyl-1,2:3,4-di-O-isopropylidene-g-D-
psicopyranose (25.3 mg, 0.072 mmol) dissolved in methanol (0.75 ml). The mixture was stirred at room
temperature for 25 minutes and then poured into a mixed solution of ice-saturated aqueous solution of
sodium hydrogencarbonate-ethy! acetate o terminate the reaction. The reaction mixture was partitioned with
ethyl acetate and water, and the aqueous layer was extracted with ethyl acetate. The organic layers were
combined, washed with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered
and then concentrated under reduced pressure. The residue was purified by silica gel column chromatog-
raphy (hexane/ethyl acetate = 55/45) to obtain methyl=6-0-benzyl-3,4-O-isopropylidene-g-D-
psicofuranoside as a colorless oil (12.5 mg, 53%).

[Example 2]
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'H NMR(200MHz, CDCl3) &

1.33 (3H, s, Me)

1.51 (3H, s, Me)

1.97 (1H, brt, J =6.6Hz, OH)

3.23 (3H, s, OMe)

3.48 (1H, dd, J=7.4, 9.6Hz, H-6)
3.55 (1H, dd, J=7.0, 9.6Hz, H-6)
3.77 (1H, brdd, J=6.9, 12.2Hz, H-1)
3.85 (1H, brdd, J=5.9, 12.2Hz, H-1)
4.38 (1H, ddd, J=1.4, 7.0, 7.4Hz, H-5)
4.56 (1H, d, J=6.0Hz, H-3)

4.57 (2H, s, -CH2Ph)

4.71 (1H, dd, J=1.4, 6.0Hz, H-4)
7.28-7.38 (5H, m, Ar-H)

[Example 3]

Bn0Q 0 0Bn Bn0 0Bn

OH COOH

0 0 0 0

X X

Dimethyl sulfoxide (24.7 ml, 0.35 mol) was added dropwise at -78°C to a solution of oxalyl chloride
(15.2 ml, 0.17 mol) in methylene chloride (150 ml). After the mixture was stirred for 10 minutes, a solution of
benzyl = 6-0O-benzyl-3,4-O-isopropylidene-g-D-psicopyranoside (27.9 g, 0.070 mol) dissolved in methylene
chloride (50 ml) was added thereto, followed by further stirring for 20 minutes. Next, friethylamine (67.9 ml,
0.49 mol) was added to the mixture, the temperature of the resulting mixture was raised to 0°C over 45
minutes, and then a saturated aqueous sodium hydrogencarbonate solution was poured into the mixture fo
terminate the reaction. The reaction mixture was partitioned with ethyl acetate and water, and the aqueous
layer was extracted with ethyl acetate. The organic layers were combined, washed with a saturated aqueous
NaCl solution, dried over anhydrous sodium sulfate and concentrated under reduced pressure to obtain 2,6-
di-O-benzyl-1-didehydro-3,4-isopropylidene-8-D-psicofuranose as a crude product.

Next, 2,6-di-O-benzyl-1-didehydro-3,4-isopropylidene-8-D-psicofuranose was dissolved in a mixed sol-
vent of a t-butanol (300 ml) and water (90 ml). To the resulting solution were added 2-methyl-2-butene (36.9
ml, 0.35 mol) and sodium dihydrogenphosphate dihydrate (43.6 g, 0.28 mol). While sufficiently stirring the
mixture, sodium chlorite (25.3 g, 0.28 ml) was gradually added thereto. The mixture was stirred at room
temperature for 1 hour and then concentrated under reduced pressure until the amount of t-butanol became
about a third of the solvent amount, followed by partition with ethyl ether and water. The aqueous layer was
extracted with ethyl ether, and the organic layers were combined, washed successively with 2% hydrochlo-
ric acid and a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate and concentrated
under reduced pressure to obtain crude 1,5-di-O-benzyl-1-a-carboxy-1-dehydro-2,3-O-isopropylidene-g-D-
ribofuranose as a white solid (30.0 g, quantitative yield).

'H NMR(400MHz, CD3;0D) &

1.33 (3H, s, Me)

1.50 (3H, s, Me)

3.47-3.55 (1H, brd, H-5)

3.55-3.62 (1H, brd, H-5)

4.40-4.92 (7H, m, H-2, H-3, H-4, -CH2Ph)

7.25-7.38 (10H, Ar-H)
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This carboxylic acid had low solubility in various solvents and analysis thereof by proton NMR
spectrum was difficult, so that its structure was confirmed by further converting it to methyl ester. That is,
one drop of conc. hydrochloric acid was added to a solution of 1,5-di-O-benzyl-1-a-carboxy-1-dehydro-2,3-
O-isopropylidene-g-D-ribofuranose (18.0 mg, 0.015 mmol) in methanol (2 ml), followed by stirring at 50°C
for 24 hours. The mixture was neutralized by adding conc. aqueous ammonia fo terminate the reaction and
concentrated under reduced pressure. The residue was purified by preparative silica gel thin layer
chromatography (hexane/ethyl acetate = 3/7) to obtain 1,5-di-O-benzyl-1-a-methoxycarbonyl-1-dehydro-g-
D-ribofuranose (11.4 mg, 68%).

[«]2° -46.7° (c 1.02, CHCls)

'H NMR(400MHz, CDCl3) &

2.65 (1H, brd, J =8.7Hz, OH-3)

3.40 (1H, brd, J =3.5Hz, OH-2)

3.66 (1H, dd, J=4.8, J=10.3Hz, H-5)

3.70 (1H, dd, J=4.7, J=10.3Hz, H-5)

3.80 (3H, s, COOMe)

4.30 (1H, brdd, J=3.5, 4.6Hz, H-2)

4.34 (1H, ddd, J=4.7, 4.8, 7.0Hz, H-4)

4.38 (1H, d, J=11.2Hz, -CH2Ph)

4.68 (1H, brddd, J=4.6, 7.0, 8.7Hz, H-3)

4.56 (2H, s, -CH2Ph)

4.69 (1H, d, J=11.2Hz, -CH2Ph)

7.33-7.20 (10H, m, Ar-H)

[Example 4]

BnO 0 OMe BnO OXe

ot coott

0 0 0 0

X X

Dimethyl sulfoxide (72.9 ul, 1.0 mmol) was added dropwise at -78°C to a solution of oxalyl chloride
(44.9 ul, 0.52 mmol) dissolved in methylene chloride (2 ml). After the mixture was stirred for 15 minutes, a
solution of methyl=6-0O-benzyl-3,4-O-isopropylidene-g-D-psicofuranoside (41.7 mg, 0.13 mmol) in
methylene chloride (2 ml) was added thereto, and the resulting mixture was further stirred for 15 minutes.
Next, triethylamine (0.179 ml, 1.3 mol) was added to the mixture, the temperature of the resulting mixture
was raised to 0°C over 2 hours, and then a saturated aqueous sodium hydrogencarbonate solution was
poured into the mixture to terminate the reaction. The reaction mixture was partitioned with ethyl acetate
and water, and the aqueous layer was exftracted with ethyl acetate. The organic layers were combined,
washed with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate and concentrated
under reduced pressure to obtain 6-O-benzyl-1-didehydro-3,4-isopropylidene-2-O-methyl-8-D-psicofuranose
as a crude product.

Next, 2-methyl-2-butene (68.0 ul, 0.64 mmol) was added to a solution of 6-O-benzyl-1-didehydro-3,4-
isopropylidene-2-O-methyl-g8-D-psicofuranose in t-butanol (1 ml). To the mixture were further added sodium
dihydrogenphosphate dihydrate (17.5 mg, 0.19 mmol) and an aqueous sodium chlorite (30.1 mg, 0.19
mmol) (0.4 ml). The mixture was stirred at room temperature for 30 minutes and then partitioned with ether
and water, and the aqueous layer was extracted with ether. The organic layers were combined, washed
successively with 2% hydrochloric acid and a saturated agueous NaCl solution, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to obtain crude 5-O-benzyl-1-a-carboxy-1-
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dehydro-2,3-O-isopropylidene-1-O-methyl-g-D-ribofuranoseas a colorless oil (44.7 mg, quantitative yield).
'H NMR(200MHz, CDCl3) &
1.28 (3H, brs, Me)
1.46 (3H, brs, Me)
3.18 (3H, brs, OMe)
3.46-3.68 (2H, br, H-5)
4.50-4.84 (5H, br, H-2,3,4, -CH2Ph)
7.28-7.42 (5H, m, Ar-H)

[Example 5]

BnO 0 0Bn Bn0O 0Bn

cooH CONH,

0 0 0 0

X X

Triethylamine (38.8 ml, 0.28 mol) was added to a solution of 1,5-di-O-benzyl-1-a-carboxy-1-dehydro-
2,3-O-isopropylidene-g-D-ribofuranose (30.0 g, 0.070 mol) in tetrahydrofuran (350 ml). The mixture was
cooled to 0°C, and isopropoxycarbonyl chloride (24.4 ml, 0.21 mol) was slowly added dropwise thereto.
The mixture was stirred at 0°C for 30 minutes and at room temperature for 30 minutes. After disappear-
ance of the starting compounds was confirmed, ammonia gas was blown into the mixture at 0°C, and the
mixture was further stirred at room temperature for 30 minutes. The mixture was concentrated under
reduced pressure until the amount of tetrahydrofuran became about a third of the solvent amount. The
concentrate was partitioned with methylene chloride and water, and the aqueous layer was extracted with
methylene chloride. The organic layers were combined, washed with a saturated aqueous NaCl solution and
dried over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/ethyl acetate = 45/55) to obtain 1,5-di-O-benzyl-
1-a-carbamoyl-1-dehydro-2,3-O-isopropylidene-g8-D-ribofuranose as white needle crystals (26.5 g, yield from
benzyl = 6-0-benzyl-3,4-O-isopropylidene-g8-D-psicopyranoside: 92 %).

m.p. 145-146°

[«]2° -37.4° (c 1.23, CHCls)

IR (KBr, cm™")

3480, 3280, 2970, 1720, 1690, 1670, 1460, 1380, 1250, 1220, 1100

'H NMR(400MHz, CDCl3) &

1.29 (3H, s, Me)

1.49 (3H, s, Me)

3.48 (1H, dd, J=9.7, 7.0Hz, H-5)

3.55 (1H, dd, J=9.7, 7.7Hz, H-5)

4.43 (1H, d, J=12.0Hz, -CH2Ph)

4.48 (1H, d, J=10.7Hz, -CH2Ph)

4.50 (1H, d, J=12.0Hz, -CH2Ph)

4.54 (1H, d, J=10.7Hz, -CH2Ph)

4.56 (1H, ddd, J=7.7, 7.0, 1.2Hz, H-4)

4.68 (1H, dd, J=5.8, 1.2Hz, H-3)

4.83 (1H, d, J=5.8Hz, H-2)

5.83 (1H, brs, NH)

6.73 (1H, brs, NH)

7.26-7.36 (10H, m, Ar-H)

HRMS (m/z)
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M*-Me(C22H24N1Og) | Found | 398.1602
Caled. | 398.1602

[Example 6]

BnO 0 Ode BnO OMe
\ COOH ~ \CONH,

0 0 0 0

X X

Triethylamine (35.9 wl, 0.26 mmol) was added to a solution of 5-O-benzyl-1-a-carboxy-1-dehydro-2,3-0-
isopropylidene-1-O-methyl-g8-D-ribofuranose (44.7 mg, 0.13 mmol) in tetrahydrofuran (2 ml). The mixture
was cooled to 0°C, and isopropoxycarbonyl chloride (18.3 ul, 0.42 mol) was slowly added dropwise thereto.
The mixture was stirred at 0°C for 30 minutes and at room temperature for 30 minutes. After disappear-
ance of the starting compounds was confirmed, ammonia gas was blown into the mixture at 0°C, and the
mixture was further stirred at room temperature for 30 minutes. The mixture was partitioned with methylene
chloride and water, and the aqueous layer was exiracted with methylene chloride. The organic layers were
combined, washed successively with diluted hydrochloric acid and a saturated aqueous NaCl solution, dried
over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure. The residue was
purified by preparative silica gel thin layer chromatography (hexane/ethyl acetate = 3/7) to obtain 5-O-
benzyl-1-a-carbamoyl-1-dehydro-2,3-O-isopropylidene-1-O-methyl-8-D-ribofuranose as a colorless oil (33.7
mg. yield from methyl =6-O-benzyl-3,4-O-isopropylidene-8-D-psicopyranoside: 78%).

'H NMR(200MHz, CDCl3) &

1.29 (3H, s, Me)

1.47 (3H, s, Me)

3.23 (3H, s, OMe)

3.51 (1H, dd, J=9.7, 7.0Hz, H-5)

3.58 (1H, dd, J=9.7, 7.7Hz, H-5)

4.53 (1H, ddd, J=7.7, 7.0, 0.9Hz, H-4)

4.57 (2H, s, -CH2Ph)

4.68 (1H, dd, J=5.9, 0.9Hz, H-3)

4.73 (1H, d, J=5.9Hz, H-2)

5.67 (1H, brs, NH)

6.65 (1H, brs, NH)

7.29-7.38 (5H, m, Ar-H)
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[Example 7]

BnO 0 0Bn BnO 0Bn

CONH2 CONHCONH,

0 0 0 0

X X

Oxalyl chloride (7.31 ml, 84 mmol) was added at room temperature to a solution of 1,5-di-O-benzyl-1-a-
carbamoyl-1-dehydro-2,3-O-isopropylidene-g8-D-ribofuranose (17.3 g, 42 mmol) in 1,2-dichloroethane (500
ml), and the mixture was stirred for 30 minutes. After the mixture was further stirred at 90°C for 2 hours,
the reaction mixture was cooled to room temperature and stirred for 30 minutes while blowing ammonia gas
thereinto. The reaction mixture was partitioned with methylene chloride and water, and the aqueous layer
was extracted with methylene chloride. The organic layers were combined, washed with a saturated
aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 1/1) fo
obtain 1,5-di-O-benzyl-1-a-allophanoyl-1-dehydro-2,3-O-isopropylidene-g8-D-ribofuranose as a colorless oil
(16.6 g, 87%).

[«]2° -68.1° (c 1.08, CHCls)

IR (neat, cm™")

3450, 3050, 1730, 1580, 1480, 1460, 1380, 1220, 1100

'H NMR(400MHz, CDCl3) &

1.28 (3H, s, Me)

1.47 (3H, s, Me)

3.48 (1H, dd, J=9.8, 7.2Hz, H-5)

3.56 (1H, dd, J=9.8, 7.3Hz, H-5)

4.38 (1H, d, J=10.8Hz, -CH2Ph)

4.46 (1H, d, J=12.0Hz, -CH2Ph)

4.51 (1H, d, J=12.0Hz, -CH2Ph)

4.54 (1H, d, J=10.8Hz, -CH2Ph)

4.63 (1H, ddd, J=7.3, 7.2, 1.0Hz, H-4)

4.72 (1H, dd, J=5.8, 1.0Hz, H-3)

4.81 (1H, d, J=5.8Hz, H-2)

5.39 (1H, brs, NH)

7.26-7,36 (10H, m, Ar-H)

8.05 (1H, brs, NH)

8.64 (1H, brs, NH)

HRMS (m/z)
M+-CHs(C23H25N2O7) | Found | 441.1661
Calcd. 441.1660
CIMS (m/2)
457 (M*+1)
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[Example 8]

BnO 0 O¥e BnO UMe
CON}{Z CONHCONHq

0 0 0 0

X X

Oxalyl chloride (17.5 ul, 0.20 mmol) was added at room temperature to a solution of 5-O-benzyl-1-a-
carbamoyl-1-dehydro-2,3-O-isopropylidene-1-O-methyl-8-D-ribofuranose (33.7 mg, 0.10 mmol) in 1,2-dich-
loroethane (2 ml), and the mixture was stirred for 30 minutes. After the mixture was stirred at 90°C for 3.5
hours, the reaction mixture was cooled to room temperature. Further, oxalyl chloride (8.7 wl, 0.10 mmol)
was added to the mixture, followed by stirring at 90°C for 1.5 hours. The reaction mixture was cooled to
room temperature again and then stirred for 30 minutes while blowing ammonia gas thereinto. The reaction
mixture was partitioned with methylene chloride and water, and the aqueous layer was exiracted with
methylene chloride. The organic layers were combined, washed with a saturated aqueous NaCl solution,
dried over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure. The residue
was purified by preparative silica gel thin layer chromatography (hexane/ethyl acetate = 4/6) to obtain 5-O-
benzyl-1-a-allophanoyl-1-dehydro-2,3-O-isopropylidene-1-O-methyl- 8-D-ribofuranose as a colorless oil (31.4
mg, 83%).

'H NMR(200MHz, CDCl3) &

1.28 (3H, s, Me)

1.46 (3H, s, Me)

3.20 (3H, s, OMe)

3.51 (1H, dd, J=9.7, 7.1Hz, H-5)

3.58 (1H, dd, J=9.7, 7.1Hz, H-5)

4.52-4.67 (3H, m)

4.72 (2H, AB)

5.59 (1H, brs, NH)

7.29-7.40 (5H, m, Ar-H)

8.04 (1H, brs, NH)

8.61 (1H, brs, NH)

'H NMR(200MHz, CDCl3) &

3.17 (38H, s, OMe)

3.47-3.73 (3H, m, H-5, OH)

4.12-4.45 (4H, m, H-2,3,4, OH)

4.57 (2H, AB, -CH2Ph)

5.95 (1H, brs, NH)

7.27-7.38 (5H, m, Ar-H)

8.04 (1H, brs, NH)

9.00 (1H, brs, NH)
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[Reference Example 3]

s N X

10 0 HO

\'LO ol HO OH

P-toluenesulfonic acid (294 mg, 1.6 mmol) was added at room temperature to a solution of 1,2:4,5-di-O-
isopropylidene-g-D-psicopyranose (8.03 g, 31 mmol) in methanol (20 ml), and the mixture was stirred for 1
hour. As the reaction proceeded, a product was precipitated. After disappearance of the starting compounds
was confirmed, the mixture was neutralized with concentrated aqueous ammonia to terminate the reaction.

20 The precipitates were filtered to obtain 1,2-O-isopropylidene-g-D-psicopyranose as white mica-like crystals
(5.83 g, 86%).

15

m.p. 174-176°
[«]2° -111° (c 0.83, H.0)
IR (KBr, cm™")

25 3430, 3330, 2950, 1075

'H NMR(400MHz, D,0) &
1.42 (3H, s, Me)
1.52 (3H, s, Me)
3.78-3.85 (2H, m)

30 3.92-3.99 (3H, m)
413 (1H, d, J=9.9Hz, H-6)
417 (1H, d, J=9.9Hz, H-6)

35 Elemental analysis
CsHi6 06 Found C, 48.82; H, 7.18
Caled. | C, 49.09; H, 7.32
40

[Reference Example 4]

45 < X

0 0

HO o Bn0
HO  OH Bn0  OBn

50

55 1,2-O-isopropylidene-8-D-psicopyranose (1.90 g, 8.6 mmol) was suspended in benzyl chloride (16 mi),

and finely pulverized potassium hydroxide (9.25 g, 17 mmol) was added thereto, followed by vigorous
stirring at 130°C for 3 hours. The reaction mixture was cooled to room temperature and then partitioned
with chloroform and water, and the aqueous layer was extracted with chloroform. The organic layers were
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combined, washed successively with water and a saturated aqueous NaCl solution, dried over anhydrous
sodium sulfate, filtered and then concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (hexane/ethyl acetate = 95/5 and then 7/3) to obtain 3,4,5-tri-O-benzyl-1,2-O-
isopropylidene-g-D-psicopyranose as a colorless oil (4.23 g, 100%).

[«]2° +1° (c 7.78, CHCls)

IR (neat, cm™")

3000, 2900, 1530, 1475, 1395, 1225, 1070

'H NMR(400MHz, CDCl3) &

1.38 (3H, s, Me)

1.51 (3H, s, Me)

3.52 (1H, dt, J=2.4, 7.1Hz, H-5)

3.55 (1H, d, J=2.4Hz, H-3)

3.81 (2H, d, J=7.1Hz, H-6)

4.03 (1H, t, J=2.4Hz, H-4)

417 (1H, d, J=9.9Hz, H-1)

4.21 (1H, d, J=9.9Hz, H-1)

4.52 (2H, s, -CH2Ph)

4.68 (1H, d, J=11.9Hz, -CH2Ph)

4.75 (1H, d, J=12.0Hz, -CH2Ph)

4.79 (1H, d, J=12.0Hz, -CH2Ph)

4.82 (1H, d, J=11.9Hz, -CH2Ph)

7.26-7.39 (15, m, Ar-H)

HRMS (m/z)

Mt (CsoHz4 Os) Found 490.2331
Calcd. | 490.2352

[Example 9]

X

\ 0 - 08n
—
o

BnO Bno
BnO 0Bn Bno 0Bn

Benzyl alcohol in which hydrogen chloride had been saturated at 0°C (2 ml) was added at 0°C to a
solution of 3,4,5-tri-O-benzyl-1,2-O-isopropylidene-g-D-psicopyranose (210 mg, 0.43 mmol) in benzyl al-
cohol (2 ml). After the mixture was stirred at room temperature for 15 minutes, ammonia gas was blown
thereinto at 0°C to terminate the reaction. The reaction mixture was partitioned with ethyl acetate and
water, and the aqueous layer was extracted with ethyl acetate. The organic layers were combined, washed
with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated
under reduced pressure. Benzyl alcohol was then distilled off under reduced pressure using a Kugelrohr
distillation device. The residue was purified by preparative silica gel thin layer chromatography (hex-
ane/ethyl acetate = 65/35) to obtain benzyl=3,4,5-tri-O-benzyl-D-psicopyranoside as a colorless oil (71.7
mg, 31%).

[«]2° -80.2° (c 1.34, CHCls)

IR (neat, cm™")

3500, 3050, 2900, 1450, 1130, 1060

'H NMR(400MHz, CDCl3) &
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1.59 (1H, dd, J=8.3, 5.0Hz, -OH)
3.63 (1H, dd, J=12.3, 2.3Hz, H-6)
3.71-3.77 (2H, m, H-1, H-5)

3.93 (1H, dd, J=3.0, 1.0Hz, H-3)
3.97 (1H, dd, J=12.3, 2.7Hz, H-6)
4.00 (1H, t, J=3.1Hz, H-4)

4.06 (1H, dd, J=12.2, 8.3Hz, H-1)
453 (1H, d, J=12.0Hz, -CH,Ph)
458 (1H, d, J=12.0Hz, -CH,Ph)
459 (1H, d, J=12.0Hz, -CH,Ph)
461 (1H, d, J=12.0Hz, -CH,Ph)
473 (1H, d, J=12.6Hz, -CH,Ph)
4.83 (1H, d, J=11.7Hz, -CH,Ph)
4.85 (1H, d, J=12.6Hz, -CH,Ph)
5.00 (1H, d, J=11.7Hz, -CHPh)
7.23-7.43 (20H, m)

HRMS (m/z)

M*-CH,OH (C33H3305) Found | 509.2326
Calcd. 509.2326

[Example 10]

0 OSle
OH
BnO BnO

Bn0  0Bn Bn0  OBn

Methanol in which hydrogen chloride had been saturated at 25° C (a solution of 43% hydrogen chloride
in methanol: 5 ml) was added at 0°C to a solution of 3,4,5-tri-O-benzyl-1,2-O-isopropylidene-g-D-
psicopyranose (1.77 g, 3.6 mmol) in methanol (5 ml). The mixture was stirred at room temperature for 30
minutes and then poured into a mixed solution of ice-saturated aqueous sodium hydrogencarbonate
solution-ethyl acetate to terminate the reaction. The reaction mixture was partitioned with ethyl acetate and
water, and the aqueous layer was extracted with ethyl acetate. The organic layers were combined, washed
with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate = 55/45) to obtain methyl=3,4,5-tri-O-benzyl-a,8-D-psicopyranoside as a colorless oil (1.56 g,
93%).

'H NMR(90MHz, CDCls) &

7.15-7.64 (15H, m, Ar-H)

4.47-4.99 (6H, m, -CH2Ph)

3.39-4.13 (7H, m, H-1,3,4,5,6)

3.23 (3H, s, OMe)
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[Example 11]

0Bn . 0Bn

OH
BnO BnO

Bn0  0Bn Bn0  0Bn

coon

Dimethyl sulfoxide (0.280 ml, 4.0 mmol) was added dropwise at -78°C to a solution of oxalyl chloride
(0.173 ml, 2.0 mmol) in methylene chloride (2 ml). After the mixture was stirred for 10 minutes, a solution of
benzyl = 3,4,5-ri-O-benzyl-D-psicopyranoside (267 mg, 0.49 mmol) in methylene chloride (3 ml) was added
thereto, and the resulting mixture was stirred for 25 minutes. Triethylamine (0.687 ml, 4.9 mmol) was then
added to the mixture, and the temperature of the resulting mixture was raised to room temperature over 1
hour. A saturated aqueous sodium hydrogencarbonate solution was poured into the mixture to terminate the
reaction. The reaction mixture was partitioned with ethyl acetate and water, and the aqueous layer was
extracted with ethyl acetate. The organic layers were combined, washed with a saturated aqueous NaCl
solution, dried over anhydrous sodium sulfate and concentrated under reduced pressure to obtain 2,3,4,5-
tetra-O-benzyl-1-didehydro-D-psicopyranose as a crude product.

Next, 2-methyl-2-butene (0.522 ml, 4.9 mmol) was added to a solution of 2,3,4,5-tetra-O-benzyl-1-
didehydro-D-psicopyranose in t-butanol (2.5 ml). To the mixture were added dropwise an aqueous solution
(1 ml) of sodium chlorite (134 mg, 1.5 mmol) and sodium dihydrogenphosphate dihydrate (231 mg, 1.5
mmol). After the mixture was stirred at room temperature for 1 hour, the reaction mixture was partitioned
with ethyl ether and water, and the aqueous layer was extracted with ethyl ether. The organic layers were
combined, washed successively with an aqueous 2% hydrochloric acid solution and a saturated aqueous
NaCl solution, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
obtain crude 1,2,3,4-tetra-O-benzyl-1-carboxy-1-dehydro-D-ribopyranose as a colorless solid (295 mg,
quantitative yield).

'H NMR(400MHz, CDCl3) &

3.38-3.50 (1H, br)

3.58-3.64 (1H, br)

3.67-3.75 (1H, br)

3.78-4.02 (1H, br)

417 (1H, brd)

4.30 (2H, brs, -CH2Ph)

4.59-4.90 (6H, m, -CH2>Ph)

[Example 12]

OMe / Olle

OH
BnO Bno ~~cootli

Bn0 0Bn Bn0 0Bn

Trimethylamine (0.8 ml) and sulfur trioxide-pyridine complex (95.9 mg, 0.60 mmol) were successively
added at 0°C to a solution of methyl=3,4,5-tri-O-benzyl-a,8-D-psicopyranoside (255 mg, 0.55 mmol) in

25



10

15

20

25

30

35

40

45

50

55

EP 0 673 947 A1

dimethyl sulfoxide (2 ml), and the mixture was stirred at room temperature. After 40 minutes and after 1.5
hours, the same amount as described above of sulfur trioxide-pyridine complex was added, respectively,
and the mixture was stirred until the starting compounds disappeared (4 hours). The reaction solution was
diluted with ethyl ether, and water was poured thereinto under ice cooling to terminate the reaction. The
reaction mixture was partitioned with ethyl ether and water, and the aqueous layer was extracted with ethyl
ether. The organic layers were combined, washed successively with an agueous ammonium choride, a
saturated aqueous sodium hydrogencarbonate and a saturated aqueous NaCl solution, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to obtain crude 3,4,5-tri-O-benzyl-1-didehydro-2-
O-methyl-a,8-D-pysicopyranose. 2-Methyl-2-butene (0.290 ml, 2.7 mmol) was added to the resulting
solution of 3,4,5-tri-O-benzyl-1-didehydro-2-O-methyl-a,8-D-pysicopyranose dissolved in t-butanol (4 ml). To
the mixture were added dropwise an aqueous solution (1.6 ml) of sodium chlorite (74.4 mg, 0.82 mmol) and
sodium dihydrogenphosphate dihydrate (128 mg, 0.82 mmol). After the mixture was stirred at room
temperature for 20 minutes, the reaction mixture was partitioned with ethyl ether and water, and the
aqueous layer was exiracted with ethyl ether. The organic layers were combined, washed successively with
a 2% aqueous hydrochloric acid and a saturated aqueous NaCl solution, dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The resulting residue was purified by preparative
silica gel thin layer chromatography (chloroform/methanol = 9/1) to obtain 2,3,4-tri-O-benzyl-1-carboxy-1-
dehydro-1-O-methyl-a,8-D-ribopyranose as a white solid (222 mg, 85% by two stages).

IR (neat, cm™")

1630, 1100, 1050

'H NMR(200MHz, CDCl3) &

7.05-7.40 (15H, m, Ar-H)

4.60-4.90 (4H, br, -CH2Ph)

4.25-4.35 (2H, br, -CHzPh)

4.15-4.20 (1H, br)

3.80-4.05 (1H, br)

3.35-3.75 (3H, br)

3.05 (3H, brs, OMe)

CI-MS (m/z)

497(M* + H)

447(M*-OMe)

433(M*-COOH)

This carboxylic acid had low solubility in various solvents and analysis thereof by proton NMR
spectroscopy was difficult, so that its structure was confirmed by further converting fo its methyl ester. That
is, one drop of conc. hydrochloric acid was added to a solution of 2,3,4-tri-O-benzyl-1-carboxy-1-dehydro-1-
O-methyl-a,8-D-ribopyranose (23.1 mg, 0.048 mmol) in methanol (2 ml). The mixture was stirred at 90°C
for 24 hours. The mixture was neutralized by adding concentrated agueous ammonia to terminate the
reaction and concentrated under reduced pressure. The residue was purified by preparative silica gel thin
layer chromatography (hexane/ethyl acetate = 6/4) to obtain 2,3,4-tri-O-benzyl-1-methoxycarbonyl-1-de-
hydro-1-O-methyl-D-ribopyranose.

Low polar resulting product (3.5 mg, 15%)

'H NMR(400MHz, CDCl3) &

3.42 (3H, s, OMe)

3.53 (1H, d, J=3.0Hz, H-2)

3.57 (1H, ddd, J=2.7, 4.8, 10.8Hz, H-4)
3.63 (1H, s, COOMe)

3.70 (1H, ddd, J=0.9, 4.8, 10.8Hz, H-5)
3.98 (1H, dd. J=10.4, 10.8Hz, H-5)
417 (1H, dd, J=2.7, 3.0Hz, H-3)

4.32 (1H, d, J=12.3Hz, -CH2Ph)

4.51 (1H, d, J=12.3Hz, -CH2Ph)

4.52 (1H, d, J=12.1Hz, -CH2Ph)

4.56 (1H, d, J=12.1Hz, -CH2Ph)

4.85 (1H, d, J=12.4Hz, -CHzPh)

4.92 (1H, d, J=12.4Hz, -CHzPh)
7.19-7.49 (15H, m, Ar-H)
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High polar resulting product (12.0 mg, 0.024 mmol, 51%)

'H NMR(400MHz, CDCl3) &

3.20 (3H, s, OMe)

3.62 (1H, dd, J=2.0, 12.5Hz, H-5)
3.71 (8H, s, COOMe)

3.76 (1H, td, J=2.0, 3.3Hz, H-4)
3.85 (1H, t, J=3.3Hz, H-3)

413 (1H, d. J=3.3Hz, H-2)

415 (1H, dd, J=2.0, 12.5Hz, H-5)
4.57 (2H, s, -CH2Ph)

4.68 (1H, d, J=11.6Hz, -CH2Ph)
4.69 (1H, d, J=12.6Hz, -CH2Ph)
4.85 (1H, d, J=12.6Hz, -CH2Ph)
5.00 (1H, d, J=11.6Hz, -CH2Ph)
7.18-7.41 (15H, m, Ar-H)

[Example 13]

0Bn ' 0Bn

Bno COOH Bn0 ¥ CONHZ

Bn0  OBn Bn0  0Bn

Triethylamine (0.275 ml, 2.0 mmol) was added to a solution of 1,2,3,4-tetra-O-benzyl-1-carboxy-1-
dehydro-D-ribopyranose (295 mg, 2.0 mmol) in tetrahydrofuran (2 ml). The mixture was cooled to 0°C, and
isopropoxycarbonyl chloride (24.4 ml, 0.21 mol) was slowly added dropwise thereto. The mixture was stirred
at 0°C for 1 hour and 15 minutes and at room temperature for 45 minutes. After disappearance of the
starting compounds was confirmed, ammonia gas was blown into the mixture at 0°C, followed by further
stirring at room temperature for 30 minutes. The mixture was partitioned with methylene chloride and water,
and the aqueous layer was exiracted with methylene chloride. The organic layers were combined, washed
with a saturated aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated
under reduced pressure. The residue was purified by preparative silica gel column chromatography
(hexane/ethyl acetate = 6/4) to obtain 1,2,3,4-tetra-O-benzyl-1-carbamoyl-1-dehydro-D-ribopyranose as a
colorless oil (233 mg, yield from benzyl = 3,4,5-tri-O-benzyl-D-psicopyranoside: 85%).

[«]2° -5.25° (c 1.10, CHCls)

IR (neat, cm™")

3500, 3380, 3060, 2900, 1710, 1590, 1510, 1460, 1390, 1370, 1230, 1145, 1070

'H NMR(400MHz, CDCl3) &

3.68 (1H, dd, J=12.3, 2.0Hz, H-6)

3.73-3.76 (1H, m, H-5)

3.90 (1H, t, J=3.2Hz, H-4)

4.03 (1H, dd, J=12.3, 1.8Hz, H-6)

4.29 (1H, dd, J=3.0, 1.0Hz, H-3)

4.44 (1H, d, J=11.2Hz, -CH2Ph)

4.51 (1H, d, J=11.2Hz, -CH2Ph)

4.54 (1H, d, J=12.0Hz, -CH2Ph)

4.60 (1H, d, J=12.0Hz, -CH2Ph)

4.74 (1H, d, J=11.1Hz, -CH2Ph)

4.80 (2H, s, -CHzPh)

4.93 (1H, d, J=11.1Hz, -CH2Ph)

5.60 (1H, brd, J=2.3Hz, NH)
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6.90 (1H, brd, J =2.3Hz, NH)
7.21-7.41 (20H, m)
HRMS (m/z)

M*-Bn (C27 Hzg N4 Os) Found 462.1921
Calcd. | 462.1915

[Example 14]

O¥e ’ OMe

Bno COOH B0 CONHZ

BnO0  0Bn BnO 0Bn

Triethylamine (20.0 1, 0.14 mmol) was added to a solution of 2,3,4-tri-O-benzyl-1-carboxy-1-dehydro-1-
O-methyl-a,8-D-ribopyranose (34.3 mg, 0.072 mmol) in tetrahydrofuran (2 ml). The mixture was cooled to
0°C, and isopropoxycarbony! chloride (10.2 wul, 0.079 mmol) was slowly added dropwise thereto. The
mixture was stirred at 0°C for 1 hour. After disappearance of the starting compounds was confirmed,
ammonia gas was blown into the mixture at that temperature, and the mixture was further stirred at room
temperature for 30 minutes. The mixture was partitioned with methylene chloride and water, and the
aqueous layer was extracted with methylene chloride. The organic layers were combined, washed with a
saturated aqueous NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated under
reduced pressure. The residue was purified by preparative silica gel thin layer chromatography (hex-
ane/ethyl acetate = 2/8) to obtain 2,3,4-tri-O-benzyl-1-carbamoyl-1-dehydro-1-O-methyl-«,8-D-ribopyranose
(both yields are total yields from methyl = 3,4,5-tri-O-benzyl-«,8-D-psicopyranoside).

Low polar resulting product (22.9 mg, 67%)

'H NMR(400MHz, CDCl3) &

3.22 (3H, s, OMe)

3.66 (1H, dd, J=12.3, 2.0Hz, H-5)
3.76 (1H, ddd, J=3.2, 2.0, 1.8Hz, H-4)
3.85 (1H, dd, J=3.2, 3.1Hz, H-3)
4.01 (1H, dd, J=12.3, 1.8Hz, H-5)
419 (1H, dd, J=3.1, 1.0Hz, H-2)
4.54 (1H, d, J=12.2Hz, -CHzPh)
4.60 (1H, d, J=12.2Hz, -CH2Ph)
4.71 (1H, d, J=11.1Hz, -CH2Ph)
4.79 (1H, d, J=12.5Hz, -CH2Ph)
4.83 (1H, d, J=12.5Hz, -CH2Ph)
4.90 (1H, d, J=11.1Hz, -CH2Ph)
5.61 (1H, brs, NH)

6.95 (1H, brs, NH)

7.20-7.40 (15H, m, Ar-H)

High polar resulting product (4.6 mg, 13%)
'H NMR(400MHz, CDCl3) &

3.33 (3H, s, OMe)
3.44 (1H, d, J =3.3Hz, H-2)
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3.58 (1H, ddd, J=10.8, 4.7, 2.6Hz, H-4)
3.77 (1H, ddd, J=10.3, 4.7, 1.0Hz, H-5)
3.99 (1H, dd, J=10.3, 10.8Hz, H-5)
414 (1H, dd, J=3.3, 2.6Hz, H-3)

4.42 (1H, d, J=11.6Hz, -CH,Ph)

453 (1H, d, J=11.6Hz, -CH,Ph)

453 (2H, s, -CH2Ph)

4.88 (2H, AB, -CH,Ph)

5.58 (1H, brs, NH)

6.62 (1H, brs, NH)

7.19-7.39 (15H, m, Ar-H)

[Example 15]

0Bn 0Bn

Bn0 CONHg CONHCONH

BnO-
Bn0 0Bn Bno 0Bn

Oxalyl chloride (67.5 ul, 0.77 mmol) was added at room temperature to a solution of 1,2,3,4-tetra-O-
benzyl-1-carbamoyl-1-dehydro-D-ribopyranose (121 mg, 0.22 mmol) in 1,2-dichloroethane (5 ml), and the
mixture was stirred for 30 minutes. After the mixture was further stirred at 85°C for 2 hours, the reaction
mixture was cooled to room temperature and stirred for 30 minutes while blowing ammonia gas thereinto.
After the reaction mixture was partitioned with methylene chloride and water and the aqueous layer was
extracted with methylene chloride, the organic layers were combined, washed with a saturated aqueous
NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure.
The residue was purified by preparative silica gel thin layer chromatography (carbon tetrachloride/ethyl
ether = 3/7) to obtain 1,2,3,4-tetra-O-benzyl-1-allophanoyl-1-dehydro-D-ribopyranose as a colorless oil (16.6
g, 87%).

[«]2° -20.0° (c 1.99, CHCls)

IR (neat, cm™")

3450, 3050, 1735, 1600, 1480, 1390, 1250, 1160, 1130, 1080

'H NMR(400MHz, CDCl3) &

3.69 (1H, dd, J=12.3, 2.2Hz, H-5)

3.74-3.78 (1H, br, H-4)

3.89 (1H, t, J=3.1Hz, H-3)

410 (1H, dd, J=12.3, 2.4Hz, H-5)

417 (1H, dd, J=2.8, 1.0Hz, H-2)

4.38 (1H, d, J=11.2Hz, -CH2Ph)

4.46 (1H, d, J=11.2Hz, -CH2Ph)

4.59 (2H, s, -CHzPh)

4.66 (1H, d, J=11.4Hz, -CH2Ph)

4.73 (1H, d, J=12.5Hz, -CH2Ph)

4.77 (1H, d, J=12.5Hz, -CH2Ph)

4.95 (1H, d, J=11.4Hz, -CH2Ph)

5.19 (1H, brs, NH)

7.21-7.36 (20H, m, Ar-H)

8.00 (1H, brs, NH)

8.82 (1H, brs, NH)

HRMS (m/z)
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M*-Bn (C2sH29N20O7) Found 505.1990
Calcd. 505.1973

[Example 16]

OXe OMe

CONHy CONHCONH,

BnO Bn0
Bn0 0Bn BnO 0Bn

Oxalyl chloride (17.0 ul, 0.20 mmol) was added at room temperature to a solution of 2,3,4-tri-O-benzyl-
1-carbamoyl-1-dehydro-1-O-methyl-a(8)-D-ribopyranose (a low polar compound) (46.5 mg, 0.098 mmol) in
1,2-dichloroethane (2 ml), and the mixture was stirred for 30 minutes. After the mixture was stirred at 90°C
for 1.5 hours, the reaction mixture was cooled to room temperature. Oxalyl chloride (8.5 wl, 0.098 mmol)
was then added to the mixture, followed by stirring at 90°C for 30 minutes. The reaction mixture was
cooled to room temperature again and then stirred for 30 minutes while blowing ammonia gas thereinto.
The reaction mixture was partitioned with methylene chloride and water. After the aqueous layer was
extracted with methylene chloride, the organic layers were combined, washed with a saturated aqueous
NaCl solution, dried over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure.
The residue was purified by preparative silica gel thin layer chromatography (hexane/ethyl acetate = 3/7) to
obtain 2,3,4-tri-O-benzyl-1-allophanoyl-1-dehydro-1-O-methyl-a(8)-D-ribopyranose as a colorless oil (42.2
mg, 83%).

'H NMR(200MHz, CDCl3) &

3.19 (3H, s, OMe)

3.66 (1H, dd, J=12.3, 2.1Hz, H-5)

3.71-3.79 (1H, m, H-4)

3.84 (1H, dd, J=3.2, 3.0Hz, H-3)

4.09 (1H, dd, J=12.3, 2.2Hz, H-5)

4.10 (1H, dd, J=3.0, 0.9Hz, H-2)

4.57-4.78 (5H, m, -CH2Ph)

4.94 (1H, d, J=11.4Hz, -CH2Ph)

5.17 (1H, brs, NH)

7.14-7.40 (15H, m, Ar-H)

8.00 (1H, brs, NH)

8.76 (1H, brs, NH)
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[Example 17]

BnO O¥e BnO OMe

CONHCONHZ — CONHCONH,

0 0 HO  OH

X

One drop of conc. hydrochloric acid was added to a solution of 5-O-benzyl-1-a-allophanoyl-1-dehydro-
2,3-O-isopropylidene-1-O-methyl-g-D-ribofuranose (10.0 mg, 0.026 mmol) in methanol (2 ml). The mixture
was stirred under heating at 60°C for 1.5 hours. The mixture was neutralized by adding concentrated
aqueous ammonia to terminate the reaction and concentrated under reduced pressure. The residue was
partitioned with ethyl acetate and water. After the aqueous layer was extracted with ethyl acetate, the
organic layers were combined, washed with a saturated aqueous NaCl solution, filtered and dried over
anhydrous sodium sulfate. The residue was purified by preparative silica gel thin layer chromatography
(chloroform/methanol = 9/1) to obtain 5-O-benzyl-1-a-allophanoyl-1-dehydro-1-O-methyl-8-D-ribofuranose
as a colorless oil (7.9 mg, 89%).
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[Example 18]

WCONHCONHZ CONHCONH,
— —

0

><

0
HO’VO | ol
CONHCONH -
NHCONH, R CONHCONH,
OH

O

Conc. hydrochloric acid (2 ml) and water (2 ml) were added to a solution of 1,5-di-O-benzyl-1-a-
allophanoyl-1-dehydro-2,3-O-isopropylidene-g8-D-ribofuranose (15.8 g, 35 mmol) in ethanol (200 ml). While
distilling the resulting acetone off, the mixture was stirred under heating at 90 ° C for 2 hours. Water (2 ml)
was then added to the mixture, and the resulting mixture was stirred for 1.5 hours. Water (5 ml) was added
again to the mixture, and the resulting mixture was stirred for 1.5 hours. After disappearance of the starting
compounds was confirmed, the mixture was neutralized with concentrated aqueous ammonia to terminate
the reaction and concentrated under reduced pressure. The residue was partitioned with ethyl acetate and
water. After the aqueous layer was extracted with ethyl acetate, the organic layers were combined, washed
with a saturated aqueous NaCl solution, filtered and then dried over anhydrous sodium sulfate. The residue
was purified by silica gel column chromatography (hexane/ethyl acetate = 1/1 and then chloro-
form/methanol = 9/1) to obtain 1,5-di-O-benzyl-1-a-allophanoyl-1-dehydro-8-D-ribofuranose as a colorless
oil (11.4 g, 79%).

[«]2° -40.7° (c 0.67, CHCls:MeOH=1:1)

IR (KBr, cm™")

3440, 3370, 1730, 1685, 1610, 1460, 1420, 1100

'H NMR(400MHz, CD3;0D) &

3.57 (1H, dd, J=10.8, 5.9Hz, H-5)

3.80 (1H, dd, J=10.8, 2.3Hz, H-5)

4.09 (1H, d, J=4.2Hz, H-2)

4.25 (1H, d, J=10.8Hz, -CH2Ph)

4.32 (1H, dd, J=8.3, 4.2Hz, H-3)

4.38 (1H, ddd, J=8.3, 5.9, 2.3Hz, H-4)

4.53-4.63 (3H, m, -CH2Ph)
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7.19-7.38 (10H, m, Ar-H)

HRMS (m/z)
M*-CONHCONH; (CisH210s) | Found | 329.1414
Calcd. | 329.1388
CIMS (m/z)
417 (M* +1)

10% Palladium carbon (100 mg) was added to a solution of 1,5-di-O-benzyl-1-a-allophanoyl-1-dehydro-
B-D-ribofuranose (1.00 g, 2.4 mmol) in ethanol (20 ml), and the mixture was stirred under hydrogen
atmosphere at 3 atmospheric pressure for 10 hours. After filtration using Celite, the filirate was concentrated
under reduced pressure to obtain a mixture (570 mg, quantitative) of 1-allophanoyl-1-dehyro-a,8-D-
ribofuranose, 1-allophanoyl-1-dehydro-a,8-D-ribopyranose, (as a mixture of four kinds of isomers)

3C NMR(100MHz, D2 0) &

174.7 (two kinds), 174.0, 173.6 1C(-NHCONH) in total

157.8 (four kinds) (-CONHCONH:)

106.8, 103.5, 99.8, 99.5 1C (anomeric position) in total
and [5RS,1'R,2'R,3'R]-5-hydroxy-5-(1',2",3',4'-tetrahydroxy)butylhydantoin

3C NMR(100MHz, D2 0) &

178.9(C-2), 161.0(C-4), 90.6(C-5), 75.7, 74.8, 72.8, 65.1(C-4")

3C NMR(100MHz, D2 0) &

178.5(C-2), 161.0(C-4), 88.9(C-5), 76.0, 75.4, 74.2, 64.5(C-4")
as a crude product [isomer ratio in the respective compounds: 6:4:3:2 in ribose derivative, 6:3 in hydantoin
derivative (not in order, respectively)]. By leaving to stand for a long time, this mixture was finally
converged to an equilibrium mixture of [5RS,1'R,2'R,3'R]-5-hydroxy-5-(1',2',3",4'-tetrahydroxybutyl)-
hydantoin (isomer ratio: 3:1, not in order).
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[Example 19]

0Bn
—_
B CONHCONH,
Bn0  OBn
HO-—L/,O OH
—

CONHCONHq —

HO OH

HO

oH

ot
CONHCONH,

10% Palladium carbon (10 mg) was added to a solution of 1,2,3,4-tetra-O-benzyl-1-allophanoyl-1-
dehydroribopyranose (10.0 mg, 0.017 mmol) in ethanol (1 ml), and the mixture was stirred under hydrogen
atmosphere at 3 atmospheric pressure for 2 hours. After filtration using Celite, the filtrate was concentrated
under reduced pressure fo obtain an equilibrium mixture (4.3 mg, quantitative) of 1-allophanoyl-1-dehydro-
a,8-D-ribofuranose,  1-allophanoyl-1-dehydro-«,8-D-ribopyranose  and  [5RS,1'R,2'R,3'R]-5-hydroxy-5-
(1',2',3' 4'-tetrahydroxybutyl)hydantoin as a crude product (isomer ratio: 6:4:3:2 in ribose derivative, 6:3 in
hydantoin derivative, not in order, respectively). By leaving to stand for a long time, this compound was
finally converged to an equilibrium mixture of [5RS,1'R,2'R,3'R]-5-hydroxy-5-(1',2",3',4'-tetrahydroxybutyl)-
hydantoin (isomer ratio: 3:1, not in order). The spectral data of the product were the same as those of
Example 18.
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[Reference Example 5]

_ —
oll
o— 0 | OH
CONHCONHy  — CONHCONHg
. HO
HO  OH OH
- 0 o
0
§/< N1
HO 0 NI : io 0
- e 0
_— N
0 i
o oM o  OH

The mixture of 1-allophanoyl-1-dehydro-a,8-D-ribofuranose, 1-allophanoyl-1-dehydro-«,8-D-ribopyanose
and [5RS,1'R,2'R,3'R]-5-hydroxy-5-(1',2',3',4'-tetrahydroxybutyl)hydantoin (57.3 mg, 0.24 mmol) (6:4:3:2 in
ribose derivative, 6:3 in hydantoin derivtive, not in order, respectively) was dissolved in a mixed solvent of
methanol and water (2:1, 6 ml). Dowex 50W (1.5 ml) was added to the solution, and the mixture was stirred
vigorously at 60°C for 18 hours and further at 80°C for 2 hours. The reaction mixture was filtered to
remove Dowex 50W, whereby the reaction was terminated. The filtrate was concentrated under reduced
pressure to obtain a crude product (48.6 g, crude yield: 92%) containing [2R,3S,4R,5S]-3,4-dihydroxy-2-
hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione (hydantocidin) represented by the formula [I] and
[2R,3S,4R,5R]-3,4-dihydroxy-2-hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]Jnonane-7,9-dione represented by the
formula [XI].

Acetic anhydride (518 mg, 0.48 mmol) and a catalytic amount of 4-dimethylaminopyridine were added
fo a solution of this mixture in pyridine (2 ml), followed by stirring for 30 minutes. Water was added to the
reaction mixture to terminate the reaction, the mixture was partitioned with ethyl acetate and water, and then
the aqueous layer was exiracted with ethyl acetate. The organic layers were combined, washed succes-
sively with dilute hydrochloric acid and a saturated aqueous NaCl solution, dried over anhydrous sodium
sulfate, filtered and then concentrated under reduced pressure. The resulting residue was purified by
preparative silica gel thin layer chromatography (benzene/ethyl acetate = 1/1) to obtain [2R,3S,4R,5S]-3,4-
diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione (9.6 mg, 10.2%).

[«]2° +98.4° (c 1.18, CHCl3)

IR (neat, cm™")

3250, 1815, 1760, 1380, 1310, 1240, 1110, 1050, 760

'H NMR(400MHz, CDCl3) &

2.06 (3H, s, OAc)

2.10 (3H, s, OAc)

2.14 (3H, s, OAc)
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2.57 (3H, s, NAc)

417 (1H, dd, J=12.4, 5.9Hz, CH,OAc)
458 (1H, dd, J=12.4, 2.7Hz, CH,OAc)
4.62 (1H, ddd, J=8.6, 5.9, 2.7Hz, H-2)
5.46 (1H, dd, J=7.2, 8.6Hz, H-3)

5.69 (1H, d, J=7.2Hz, H-4)

7.49 (1H, brs, NH)

HRMS (m/z)

M* (C15H1gsN2010) | Found | 387.1058
Calcd. 387.1037

[2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]Jnonane-7,9-dione (18.1
mg, 19.3%),

[«]2° +103° (c 0.924, CHCI3)

IR (neat, cm™")

3250, 1815, 1760, 1380, 1310, 1240, 1125, 1095, 1050, 760

'H NMR(400MHz, CDCl3) &

2.05 (3H, s, OAc)

2.14 (3H, s, OAc)

2.16 (3H, s, OAc)

2.54 (3H, s, NAc)

4.05 (1H, dd, J=12.4, 4.1Hz, CH20Ac)

4.67 (1H, dd, J=12.4, 2.7Hz, CH20Ac)

4.97 (1H, ddd, J=6.8, 4.1, 2.7Hz, H-2)

5.33 (1H, dd, J=8.6, 6.8Hz, H-3)

5.44 (1H, d, J=8.7Hz, H-4)

7.58 (1H, brs, NH)

HRMS (m/z)

M* (C1sH1gsN20O10) | Found | 387.1022
Calcd. 387.1037

and [2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione  (16.2 mg,
19.4%).

'H NMR(400MHz, CDCl3) &

2.12 (3H, s, OAc)

2.15 (3H, s, OAc)

2.16 (3H, s, OAc)

4.11 (1H, dd, J=13.5, 5.9Hz, CH,0Ac)

4.41-4.47 (2H, m, H-2, CH,OAc)

5.44 (1H, d, J=5.0Hz, H-4)

5.54 (1H, dd, J=5.0, 2.7Hz, H-3)

6.69 (1H, brs, NH-6)

8.14 (1H, brs, NH-8)

HRMS (m/z)

M* +1 (C13H17N20s) Found 345.0932
Calcd. 345.0932

Methanol in which ammonia had been saturated was added to a methanol solution of these compounds,
respectively. The mixtures were stirred overnight and then concentrated under reduced pressure. The
residues were purified by Diaion CHP 20P to obtain [2R,3S,4R,55]-3,4-dihydroxy-2-hydroxymethyl-1-oxa-
6,8-diazaspiro[4.4]nonane-7,9-dione represented by the formula [I] (5.0 mg from [2R,3S,4R,5S]-3,4-dia-
cetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione, 92%) and [2R,3S,4R,5R]-3,4-
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dihydroxy-2-hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione represented by the formula [XI] (7.2
mg from [2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-
dione, 55%, 8.5 mg from [2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-
dione, 83%). The spectral data of these compounds were coincident with the values in literature (S. Mio et
al., Tetrahedron, 47, 2133, 2145 (1991)).
[11 '"H NMR(200MHz, D>0) &

3.58 (1H, dd, J=4.4, 12.7Hz, H-5)

3.69 (1H, dd, J=3.2, 12.7Hz, H-5)

412 (1H, dd, J=4.0, 5.8Hz, H-3)

4.20-4.30 (1H, m, H-4)

4.30 (1H, d, J=5.8Hz, H-2)
[X1] "H NMR(400MHz, CD3;0D) &

3.60 (1H, dd, J=5.2, 12.1Hz, -CH>Oh)

3.67 (1H, dd, J=4.3, 12.1Hz, -CH>Oh)

4.09 (1H, ddd, J=3.3, 4.3, 5.2Hz, H-2)

417 (1H, dd, J=3.2, 4.9Hz, H-3)

4.26 (1H, d, J=4.9Hz, H-4)

[Reference Example 6]

NH
0
N
0 H
HO OH HO OH

The equilibrium mixture of [5RS,1'R,2'R,3'R]-5-hydroxy-5-(1',2',3",4'-tetrahydroxybutyl)hydantoin (isomer
ratio: 3:1, not in order) (101 mg, 0.43 mmol) was dissolved in a mixed solvent of methanol and water (2:1, 6
ml). Dowex 50W (3.5 ml) was added to the solution, and the mixture was stirred vigorously at 45°C for 15
hours. The reaction solution was filtered to remove Dowex 50W, whereby the reaction was terminated. The
filtrate was concentrated under reduced pressure to obtain a mixture (1:4) of [2R,3S,4R,5S1-3,4-dihydroxy-2-
hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione (hydantocidin) represented by the formula [I] and
[2R,3S,4R,5R]-3,4-dihydroxy-2-hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]Jnonane-7,9-dione represented by the
formula [XI] as a crude product (98.0 mg, quantitative).

Acetic anhydride (518 mg, 0.48 mmol) and a catalytic amount of 4-dimethylaminopyridine were added
to a solution of this mixture in pyridine (5 ml), and the mixture was stirred for 30 minutes. Water was added
to the reaction mixture to terminate the reaction, the mixture was partitioned with ethyl acetate and water,
and then the aqueous layer was extracted with ethyl acetate. The organic layers were combined, washed
successively with diluted hydrochloric acid and a saturated aqueous NaCl solution, dried over anhydrous
sodium sulfate, filtered and then concentrated under reduced pressure. The resulting residue was purified
by preparative silica gel thin layer cromatography (benzene/ethyl acetate = 1/1) to obtain [2R,3S,4R,5S]-
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3,4-diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]Jnonane-7,9-dione (20.2 mg, 12%) and
[2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]Jnonane-7,9-dione (12.5
mg, 8.5%).

The spectral data of the products were the same as those of Reference Example 5.

Methanol in which ammonia had been saturated was added to a methanol solution of these compounds,
respectively. The mixtures were stirred overnight and then concentrated under reduced pressure. The
residues were purified by Diaion CHP 20P to obtain [2R,3S,4R,55]-3,4-dihydroxy-2-hydroxymethyl-1-oxa-
6,8-diazaspiro[4.4]nonane-7,9-dione represented by the formula [I] (5.5 mg from [2R,3S,4R,5S]-3,4-dia-
cetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione, 48%) and [2R,3S,4R,5R]-3,4-
dihydroxy-2-hydroxymethyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-dione represented by the formula [XI] (6.2
mg from [2R,3S,4R,5R]-3,4-diacetoxy-2-acetoxymethyl-6-N-acetyl-1-oxa-6,8-diazaspiro[4.4]nonane-7,9-
dione, 78%). The specitral data of the products were the same as those of Reference Example 5.

Claims

1. A D-psicofuranose derivative represented by the following formula:

rlo 0. <ORd

R20  OR3

(wherein R', R?, R® and R* may be the same or different from one another and each represents a
hydrogen atom or a protective group for a hydroxyl group, and X represents a hydroxymethy! group,
carboxyl group, carbamoyl group or allophanoyl group which may be protected).

2. The D-psicofuranose derivative according to Claim 1, wherein R? and R3 together represent an
alkylidene or arylmethylidene group represented by the following formula:

X

(wherein R? and R® may be the same or different from each other and each represents a hydrogen
atom, a straight or branched alkyl group having 1 to 6 carbon atoms or a substituted or unsubstituted
aryl group or may together form a ring).

3. A D-psicopyranose derivative represented by the following formula:

or8
RSO X

R6o  or7

(wherein R, R®, R” and R® may be the same or different from one another and each represents a
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hydrogen atom or a protective group for a hydroxyl group, and X represents a hydroxymethy! group,
carboxyl group, carbamoyl group or allophanoyl group which may be protected).
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